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A method of manu- 
facturing a semiconductor 
device with a bipolar tran- 
! sistor (1) and a MOS tran- 
sistor (2) formed in a sili- 
| con body (3) which for this 
purpose is provided with a 
field insulation region (4) 
by which semiconductor re- 
gions (6, 7) adjoining a sur- 
face (5) of said body are 
mutually insulated. A first 
region (6) is to be used for 
I the bipolar transistor and a _ 4 _ 

second region for the MOS 6 17 9 18 10 7 18 

transistor. The two regions are provided in that order with a gate dielectric layer (10) and an auxiliary layer (1 1) of noncrystalline silicon 
The auxiliary layer and the gate dielectric layer are subsequently removed from the first region. Then an electrode layer (13) of non- 
7***^ i 2!i IC °[! 15 1 ^P° s j tcd - An cmittcr electrode (15) is formed in the electorde layer on the first region, and a gate electrode (16) is 
formed both in the electrode layer and in the auxiliary layer on the second region. The electrode layer is subjected to a treatment whereby 
noncrystalline silicon is removed and whereby a layer of noncrystalline silicon is formed on the surface of the silicon body which has 
substantially the same thickness at the area of the first region and at the area of the second region. Overetching of the base zone (9) in the 
formation of the emitter is avoided thereby, so that the base zone may be comparatively thin. 
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Method of manufacturing a semiconductor device with BiCMOS circuit. 



The invention relates to a method of manufacturing a semiconductor 
device with a bipolar transistor and a MOS transistor which are formed in a silicon body 
which is for this purpose provided with a field insulation region by which semiconductor 
regions adjoining a surface of said body are mutually insulated, with a first region for the 
5 bipolar transistor and a second region for the MOS transistor, after which the two regions 
are consecutively provided with a gate dielectric layer and an auxiliary layer of non- 
crystalline silicon, whereupon the auxiliary layer and the gate dielectric layer are removed 
from the first region, and subsequently an electrode layer of non-crystalline silicon is 
deposited and an emitter electrode is formed in the electrode layer on the first region and a 
10 gate electrode is formed both in the electrode layer and in the auxiliary layer on the second 
region. 

A semiconductor device with a single bipolar transistor and a single MOS 
transistor can be manufactured by such a method. In practice, however, the method will be 
used for the manufacture of a semiconductor device comprising an integrated circuit with a 
15 large number of bipolar and MOS transistors. The circuit then may comprise both NPN and 
PNP bipolar transistors, as well as MOS transistors of the N-channel and P-channel type. 
Such an integrated circuit which comprises besides bipolar transistors also NMOS and PMOS 
transistors is called integrated BiCMOS circuit. 

After the emitter electrode has been formed on the first semiconductor 
20 region, the emitter zone of the bipolar transistor is formed from the doped emitter electrode, 
which lies immediately against the surface of the silicon body, through diffusion into the base 
zone. The gate electrode formed on the second region may, as is usual, be used as a mask 
during the implantation of ions for forming source and drain zones of the MOS transistor in 
the second region. 

25 The auxiliary layer of non-crystalline silicon which is formed on the gate 

dielectric layer serves to protect the gate dielectric on the second region when the auxiliary 
layer and the gate dielectric layer on the first region are being removed. To remove the 
auxiliary layer and the gate dielectric from the first region, a photoresist mask is provided in 
practice which covers the auxiliary layer at the area of the second region, after which an 
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etching treatment is carried out in an etching plasma. The use of the auxiliary layer has the 
result that both the photoresist mask and the etching plasma do not come into contact with 
the gate dielectric layer. 

5 US Patent 5,124,817 discloses a method of the kind mentioned in the 

opening paragraph whereby also an emitter island is formed in a self-aligned manner during 
the formation of the emitter electrode ami the gate electrode. The emitter electrode is etched 
into a layer of non-crystalline silicon which is thicker than the layer of non-crystalline silicon 
into which the gate electrode is etched. The emitter electrode is etched into the electrode 

10 layer only, the gate electrode into the electrode layer and the subjacent auxiliary layer. 

During etching away of the auxiliary layer next to the gate electrode, silicon is etched away 
also from the first region situated next to the emitter electrode formed. Thus the emitter 
electrode is formed on a silicon island, the emitter island mentioned above. 

The emitter zone is formed through diffusion of dopant atoms from the 

15 emitter electrode, an emitter-base junction being formed which remains within the emitter 
island formed. The transistor formed will accordingly have a comparatively small emitter- 
base capacitance. During the formation of the emitter island, during which silicon is etched 
away from adjacent the emitter electrode, the base zone of the transistor is in fact etched 
away over part of its thickness. The base zone must be made comparatively thick in order to 

20 prevent that the base zone is etched away through its entire thickness then next to the emitter 
electrode. A small emitter-base capacitance gives a bipolar transistor favorable high- 
frequency properties, but these are more than wiped out by a comparatively thick base zone. 

The invention has for its object inter alia to provide a method of 
25 manufacturing a semiconductor device with a bipolar transistor and a MOS transistor 

whereby a bipolar transistor with a comparatively thin base zone can be formed. According 
to the invention, the method mentioned in the opening paragraph is for this purpose 
characterized in that, before the emitter electrode and the gate electrode are formed, the 
electrode layer is subjected to a treatment whereby non-crystalline silicon is removed and 
30 whereby a layer of non-crystalline silicon is formed at the surface of the silicon body, which 
layer has substantially the same thickness at the areas of the first and second regions. 

In this method, the gate electrode and the emitter electrode are formed in 
a layer of non-crystalline silicon of practically uniform thickness. When etching of the layer 
of non-crystalline silicon is stopped the moment the gate dielectric is reached, the base zone 
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of the bipolar transistor is also exactly reached at that same moment. The etching treatment 
is continued for a short time in practice after the gate dielectric has been reached to ensure 
that the electrode layer has been fully removed from the base zone after the etching 
treatment. A slight overetching is used. Etching of the base zone situated next to the emitter 
5 zone, however, has been reduced to a minimum thereby. The base zone may be very thin 
therefore. 

After the deposition of the electrode layer, a thicker layer of non- 
crystalline silicon is present at the area of the second region than at the area of the first 
region. In the method according to the invention, the electrode layer is subjected to a 
10 treatment whereby a layer of non-crystalline silicon of homogeneous thickness is formed on 
the surface of the silicon body. This could be done in a comparatively expensive manner 
through the use of an additional photoresist mask which covers the first region, whereupon 
the electrode layer on the second region could be etched. 

Preferably, however, the treatment of the electrode layer whereby a layer 
15 of non-crystalline silicon of homogeneous thickness is formed on the surface of the silicon 
body is combined with a treatment of the electrode layer whereby the latter is locally, i.e. at 
the area of the first region, provided with a dopant from which the emitter of the bipolar 
transistor can be formed through diffusion. These two treatments may be carried out with 
only a single photoresist mask. The necessity of using said very expensive additional masking 
20 step has thus been avoided. 

The electrode layer is locally, at the area of the first region, provided 
with a dopant from which the emitter of the bipolar transistor can be formed through 
diffusion. Outside the first region, the electrode layer is not provided with a dopant during 
this treatment. The gate electrode, which is formed in the electrode layer at the area of the 
25 second region, may in this case be doped during a process step in which the source and drain 
zones of the MOS transistor are formed. 

In a first preferred embodiment, a dopant is provided in the electrode 
layer during the treatment of this layer at the area of the first region, whereupon a thermal 
oxidation treatment is carried out, after which the silicon oxide formed is subjected to an 
30 etching treatment until the electrode layer has become exposed again at the area of the 
second region, and the exposed electrode layer is subsequently subjected to an etching 
treatment until the auxiliary layer and the electrode layer together have reached the desired 
thickness at the area of the second region. 

An oxidation treatment is carried out after the dopant has been provided in 

BNSDOClD <WO 9630940A2 I > 



WO 96/30940 PCT/IB96/00193 

4 

the electrode layer. Silicon oxide grows more quickly on the doped portion of the electrode 
layer than on the non-doped portion thereof during this treatment. A thicker layer of silicon 
oxide is accordingly formed on the doped portion of the electrode layer than on the non- 
doped portion. After the electrode layer next to the first region has become exposed again, a 
5 layer of silicon oxide will still be present on the electrode layer at the area of the first 

region. This layer of silicon oxide is used as a mask during the subsequent etching treatment 
whereby the auxiliary layer and the electrode layer together are brought to the desired 
thickness at the area of the second region. 

In this first preferred embodiment, a photoresist mask is used for 

10 providing the electrode layer with said dopant at the area of the first region. The other steps 
subsequently proceed in a self-aligned manner. 

In a second embodiment, the electrode layer is provided with a layer of 
silicon nitride at the area of the first region during the treatment of this electrode layer, after 
which a thermal oxidation treatment is carried out, whereupon the silicon nitride layer and 

15 the silicon oxide formed are etched away, the silicon oxide layer being provided to a 
thickness such that after removal of the silicon oxide layer the auxiliary layer and the 
electrode layer together have reached the desired thickness at the area of the second region. 

A mask is used for providing the silicon nitride layer. A layer of silicon 
oxide is formed next to the silicon nitride layer, i.e. on the layer of non-crystalline silicon 

20 next to the first semiconductor region, during the thermal oxidation treatment. Then the 
silicon nitride layer is removed. The silicon oxide layer formed now shields the electrode 
layer next to the first semiconductor region, whereas the electrode layer is uncovered at the 
area of the first region. The silicon oxide layer may now be used as a mask during the 
provision of the dopant in the electrode layer at the area of the first region. The auxiliary 

25 layer and the electrode layer together are then brought to the desired thickness at the area of 
the second region through the subsequent removal of the oxide layer. The two above 
treatments of the electrode layer are carried out with only a single mask also in this 
embodiment. 

30 The invention will be explained in more detail below by way of example 

with reference to a drawing, in which: 

Figs. 1 to 6 diagrammatical ly and in cross-section show a few stages in 
the manufacture of a semiconductor device made by the method according to the invention. 

Figs. 7 to 10 diagrammatically and in cross-section show a few stages in 
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the manufacture of a semiconductor device made by a first embodiment of the method 
according to the invention, and 

Figs. 11 to 14 diagrammatically and in cross-section show a few stages in 
the manufacture of a semiconductor device made by a second embodiment of the method 
5 according to the invention. 

Figs. 1 to 4 diagrammatically and in cross-section show a few stages in 
the manufacture of a semiconductor device with a bipolar transistor 1 and a MOS transistor 
2. The bipolar transistor 1 in this example is an NPN transistor, the MOS transistor 2 an 
10 NMOS transistor. These transistors 1 and 2 are formed in a silicon body 3 which for this 
purpose is provided with a field insulation region 4 by which semiconductor regions 6 and 7 
adjoining a surface 5 of the silicon body 3 are mutually insulated. Of these regions 6 and 7, 
a first region 6 is destined for the NPN transistor 1 and the second region 7 for the NMOS 
transistor 2. The second region 7 forms part of a surface layer 8 of the semiconductor body 
15 3 and in this example is a P-type conducting epitaxially grown layer with a doping 

concentration of approximately 10" atoms per cc. The semiconductor region 6 is formed in 
the surface layer 8 in a usual manner with an N-type doping with a concentration of 
approximately 10 16 atoms per cc. In addition, a base zone 9 with a P-type doping with a 
concentration of approximately 10" atoms per cc is formed in the first semiconductor region 
20 6 destined for the bipolar transistor 1. 

The two semiconductor regions 6 and 7 are subsequently provided with a 
gate dielectric layer 10, in this example an approximately 15 nm thick layer of thermal 
silicon oxide, and with an auxiliary layer 11 of non-crystalline silicon, in this example an 
approximately 50 nm thick layer of polycrystalline silicon. 
25 In the next process step, the gate dielectric 10 and the auxiliary layer 1 1 

are removed from the first semiconductor region 6, whereas the two layers 10 and 1 1 are 
maintained on the second region 7 for the NMOS transistor 2. The auxiliary layer 11 serves 
to protect the gate dielectric layer 10 on the second region 7 when the auxiliary layer 1 1 and 
the gate dielectric layer 10 are being removed from the first region 6. To remove the 
30 auxiliary layer 11 and the gate dielectric 10 from the first region, a photoresist mask 12 is 
provided which covers the auxiliary layer 11 at the area of the second region 7, after which a 
usual treatment is carried out in an etching plasma. The use of the auxiliary layer has the 
result that both the photoresist mask 12 and the etching plasma do not come into contact with 
the gate dielectric layer 10 on the second region 7. 
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An electrode layer 13 of non-crystalline silicon, in this example an 
approximately 200 nm thick layer of noncrystalline silicon, is provided on the surface 5 
then. This layer 13 is subsequently subjected to a treatment whereby non-crystalline silicon is 
removed and whereby a layer 14 of non-crystalline silicon is formed on the surface 5 of the 
5 silicon body 3, this layer having substantially the same thickness over the first region 6 and 
the second region 7. 

As will be described further below, the layer 14 is provided with a 
doping, in this example N-type, and is subsequently etched into a pattern with an emitter 
electrode IS on the first semiconductor region 6 and a gate electrode 16 on the second 
10 semiconductor region 7. 

After the emitter electrode 15 has been formed on the first semiconductor 
region 6, the N-type emitter zone 17 with a doping level of approximately 10 20 atoms per cc 
of the bipolar transistor 1 is formed from the doped emitter electrode 15 which lies 
immediately against the surface 5 through diffusion into the P-type base zone 9. Then the 

15 emitter electrode 15 and gate electrode 16 are provided with lateral insulation portions or 
spacers 19 of silicon oxide in a usual manner. The gate electrode 16 with spacers 19 may be 
used, as is usual, as a mask during the ion implantation step in which source and drain zones 
18 of the NMOS transistor 2 are formed with a doping level of approximately 10 20 atoms per 
cc. Finally, the electrode 15 and 16, the base zone 9, and the source and drain zones 18 are 

20 provided with a top layer 20 of a metal silicide such as, for example, titanium or cobalt 
disilicide. 

The emitter electrode 15 and the gate electrode 16 are etched in a layer 14 
of non-crystalline silicon of substantially homogeneous thickness. When etching is stopped 
the moment the gate dielectric 10 is reached, the base zone 9 of the bipolar transistor 1 1 has 

25 also been exactly reached. The etching treatment is continued for a short time after the gate 
dielectric 10 has been reached in practice to ensure that the layer 14 has been fully removed 
from the base zone 9 after the etching treatment. A slight overetching is used. Etching of the 
base zone 9 situated next to the emitter electrode 15, however, is limited to a minimum. The 
base zone 9 may accordingly be very thin. 

30 After deposition of the electrode layer 13, a thicker layer 11 and 13 of 

non-crystalline silicon is present at the area of the second region 7 than at the area of the 
first region. This layer is subjected to a treatment whereby a layer 14 of non-crystalline 
silicon of homogeneous thickness is formed on the surface 5. This could be done in a 
comparatively expensive manner through the use of an additional photoresist mask (not 
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shown) which covers the first region 6, after which the electrode layer 12 could be etched on 
the second region 7. 

Preferably, however, the treatment of the electrode layer 13 in which the 
layer 14 of homogeneous thickness is formed is combined with a treatment of the electrode 
layer 14 in which the latter is locally, i.e. at the area of the first region 6, provided with a 
dopant from which the emitter 17 of the bipolar transistor is formed through diffusion. As 
will become apparent below, these two treatments can be carried out with only a single 
photoresist mask. The necessity of using said very expensive additional masking step has thus 
been avoided. 

In a first embodiment of the method, the electrode layer 13 is first 
provided with a heavy doping at the area of the first region. The starting point here is the 
stage of manufacture as shown in Fig. 3. Then, as shown in Fig. 7, a photoresist mask 21 
with a window 22 exposing a portion 23 of the electrode layer 13 at the area of the first 
semiconductor region 6 is provided on the layer of non-crystalline silicon 13. The heavy 
doping, in this example approximately 10 20 arsenic atoms per cc, is provided in the next 
process step in this portion 23 in a usual manner by ion implantation. No ions are implanted 
into the remaining portion 24 of the layer of non-crystalline silicon 13 situated next to the 
portion 23, this portion 24 being shielded by the photoresist mask 21. 

After the implantation, the electrode layer 13 is subjected to a usual 
thermal oxidation treatment. Oxide grows more quickly on the portion 23 doped with arsenic 
than on the undoped portion 24 of the electrode layer of non-crystalline silicon 13 during this 
oxidation treatment. A silicon oxide layer 25 is thus formed on the heavily arsenic-doped 
portion 23 of the layer of non-crystalline silicon 13 which is thicker than the silicon oxide 
layer 26 formed on the undoped portion 24. In this example, an approximately 250 nm thick 
layer of silicon oxide 25 is formed on the heavily doped portion 23 and an approximately 50 
nm thick layer 26 on the lightly doped portion 24 in approximately 2 hours at a temperature 
of 700 °C. 

Subsequently, a usual oxide etching treatment is carried out until the 
portion 24 of the electrode layer 13 next to the portion 23 implanted with arsenic ions has 
become exposed again. A light doping step is then carried out whereby 10 18 phosphorus 
atoms per cc are provided in the exposed portion 24 and the subjacent auxiliary layer 1 1 by 
means of ion implantation in this example. No ions are implanted into the portion 23 of the 
electrode layer 13 situated next to the portion 24, this portion 23 being shielded by the then 
approximately 200 nm thick silicon oxide layer 25. 
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The excised electrode layer 24 is subsequently subjected to an etching 
treatment until the auxiliar layer 11 and the electrode layer 13 at the area of the second 
region 7 together have the same thickness as the portion 23 of the electrode layer 13 at the 
area of the first region 6. After removal of the silicon oxide layer 25, the stage of 
5 manufacture has been reached as shown in Fig. 4, with an electrode layer 14 having a 

heavily doped portion 23 and a lightly doped portion 24. The subsequent manufacture of the 
semiconductor device then proceeds as described with reference to Figs. 5 and 6. 

A mask 21 was used for providing the heavy doping, but the subsequent 
process steps were carried out without mask. 

10 In a second embodiment of the method, during processing of the electrode 

layer 13, this layer is first provided with an approximately 100 nm thick silicon nitride layer 
28 at the area of the first region 6. The starting point here again is the stage of manufacture 
as shown in Fig. 2, a silicon nitride layer 28 being first deposited on the electrode layer 13 
as shown in Fig. 11, whereupon a photoresist mask 29 is provided in usual manner. This 

15 photoresist mask 29 covers a portion 30 of the silicon nitride layer 28 and the portion 23 of 
the electrode layer 13 at the first semiconductor region 6. 

The silicon nitride layer 28 is subsequently etched away from the portion 
24 of the electrode layer 13 situated next to the portion 23 1 after which the portion 24 is 
provided with the light doping, 10 18 phosphorus atoms per cc being provided in the exposed 

20 portion 24 and the subjacent auxiliary layer 11 by means of ion implantation in this example. 
The portion 23 of the electrode layer 13 is protected here by the portion 30 of the silicon 
nitride layer 28, so that no phosphorus will enter the portion 23 of the electrode layer 13. 

After the phosphorus doping has been provided in the portion 23 of the 
electrode layer 13, the semiconductor body 3 is subjected to a thermal oxidation treatment 

25 whereby an approximately 100 nm thick silicon oxide layer 31 is formed on the portion 24. 
After removal of the portion 30 of the silicon nitride layer 28, the portion 23 of the electrode 
layer 13 is provided with the heavy doping at the area of the first semiconductor region 6, 
10 20 arsenic atoms per cc being provided in this example in the exposed portion 23 by means 
of ion implantation. During the implantation, the silicon oxide layer 31 previously formed 

30 shields the portion 24 of the electrode layer 13 next to the first semiconductor region 6. 

After removal of the silicon oxide layer 31, the stage of manufacture has 
been reached as shown in Fig. 4, with an electrode layer 13 having a heavily doped portion 
23 and a lightly doped portion 24. The silicon oxide layer 31 is provided to such a thickness 
that, after removal of this layer, the auxiliary layer 11 and the electrode layer 13 together 
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have the same thickness at the area of the second region 7 as the portion 23 of the electrode 
layer 13 at the area of the first region 6. The further manufacture of the semiconductor 
device then proceeds as described with reference to Figs. 5 and 6. 

A mask 29 was used for providing the silicon nitride layer 28 at the first 
5 semiconductor region 6, but the subsequent process steps were carried out without mask. 

It is noted that the manufacture of a semiconductor device with an NPN 
bipolar and an NMOS transistor was described in the examples. The invention is not limited 
to the manufacture of such a device. A PNP and a PMOS transistor are formed when all re- 
type dopings are replaced with P-type dopings and all P-type dopings with N-type dopings. 

10 The light doping of the electrode layer 1 1 may then remain of the same conductivity type: it 
may always be carried out with phosphorus. This phosphorus doping in addition prevents 
boron entering the gate dielectric during the manufacture of the PMOS transistor. The above 
description relates to the manufacture of a semiconductor device comprising a single bipolar 
transistor and a single MOS transistor. In practice, however, the method will be used for the 

15 manufacture of a semiconductor device comprising an integrated circuit with a large number 
of bipolar and MOS transistors. The circuit may then comprise both NPN and PNP bipolar 
transistors and MOS transistors of the N-channei as well as the P-channel type. 
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Claim?: 



1. A method of manufacturing a semiconductor device with a bipolar 

transistor and a MOS transistor which are formed in a silicon body which is for this purpose 
provided with a field insulation region by which semiconductor regions adjoining a surface of 
said body are mutually insulated, with a first region for the bipolar transistor and a second 
5 region for the MOS transistor, after which the two regions are consecutively provided with a 
gate dielectric layer and an auxiliary layer of non-crystalline silicon, whereupon the auxiliary 
layer and the gate dielectric layer are removed from the first region, and subsequently an 
electrode layer of non-crystalline silicon is deposited and an emitter electrode is formed in 
the electrode layer on the first region and a gate electrode is formed both in the electrode 

10 layer and in the auxiliary layer on the second region, characterized in that, before the emitter 
electrode and the gate electrode are formed, the electrode layer is subjected to a treatment 
whereby non-crystalline silicon is removed and whereby a layer of non-crystalline silicon is 
formed at the surface of the silicon body, which layer has substantially the same thickness at 
the areas of the first and second regions. 

15 2. A method as claimed in Claim 1, characterized in that the treatment of the 

electrode layer whereby a layer of non-crystalline silicon of homogeneous thickness is 
formed on the surface of the silicon body is combined with a treatment of the electrode layer 
whereby the latter is locally, i.e. at the area of the first region, provided with a dopant from 
which the emitter of the bipolar transistor can be formed through diffusion. 

20 3. A method as claimed in Claim 2, characterized in that a dopant is 

provided in the electrode layer during the treatment of this layer at the area of the first 
region, whereupon a thermal oxidation treatment is carried out, after which the silicon oxide 
formed is subjected to an etching treatment until the electrode layer has become exposed 
again at the area of the second region, and the exposed electrode layer is subsequently 

25 subjected to an etching treatment until the auxiliary layer and the electrode layer together 
have reached the desired thickness at the area of the second region. 

4- A method as claimed in Claim 2, characterized in that the electrode layer 

is provided with a layer of silicon nitride at the area of the first region during the treatment 
of this electrode layer, after which a thermal oxidation treatment is carried out, whereupon 
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the silicon nitride layer and the silicon oxide formed are etched away, the silicon oxide layer 
being provided to a thickness such that after removal of the silicon oxide layer the auxiliary 
layer and the electrode layer together have reached the desired thickness at the area of the 
second region. 
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